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specifications for Quality Systems for environmental data, which includes proper 
planning, implementing, and assessing data operations including the collection, 
handling, analysis and evaluation of data. The QAPP was organized following 
components of the The Volunteer Monitor’s Guide to Quality Assurance Project Plans 
(U.S. EPA 1996). 
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A. Program Organization and Distribution List  
 
Table 1. Personnel Responsibilities and Contact List 

Name 
Organization / 

Affiliation 
Project Title / 

Responsibility 
Contact 

Marina Deligiannis  

Lake County 
Water Resources 

 

Water Resources 
Deputy Director 

Marina.Deligiannis@lakecountyca.gov 
(707) 263-2344 

 

Angela De Palma-
Dow 

QA Officer and 
Program Oversight 

Angela.Depalma-
Dow@lakecountyca.gov 

(707) 263-2720 

Ryan Carey 
Field Technician 

Ryan.Carey@lakecountyca.gov 

Jordan Beaton Jordan.Beaton@lakecountyca.gov  

Jennifer LeBay  
Central Valley 
Water Quality 
Control Board 

State Contact 
Jennifer.LeBay@waterboards.ca.gov 

 

Leslie M. Quinn  Alpha Analytical Lab QA Officer 
lquinn@alpha-labs.com 

(707) 468-0401 

Cristina Grosso 
Tony hale  

Michael Weaver  
Adam Wong  

San Francisco 
Estuary Institute 

(SFEI) 
Data Managers  

510.746.7334 
https://www.sfei.org/node/7684 

 

B. Problem Definition / Background  
 
Clear Lake has an extended history of water quality problems, primarily due to excess nutrients 
and the subsequent blue-green algal blooms.  Intensive efforts initiated by Lake County and 
others have improved the quality of Clear Lake significantly since the 1950’s. Secchi depths, an 
indicator of water clarity, in late summer have increased from less than one foot in the mid-
1950’s to a consistent 3-plus foot clarity in the 1990’s. Wastewater, including septic discharges 
and treated effluent, has been diverted from Clear Lake. Improved erosion control and in-
channel gravel mining management has also reduced the cultural eutrophication of Clear Lake.  
However, nuisance algal blooms continue to occur in the late summer/early fall, although they 
are not as severe.  If management is ever going to be able to effectively manage Clear Lake, 
nutrient and productivity information must be monitored on a monthly basis.  
 

file://///countyoflake/fileshares/WaterResources/Water%20Quality/QAPPs/Lake%20County%20LAMP_DRAFT_Feb2022_re-org.2.docx%23_Toc96697336
file://///countyoflake/fileshares/WaterResources/Water%20Quality/QAPPs/Lake%20County%20LAMP_DRAFT_Feb2022_re-org.2.docx%23_Toc96697336


5 
 

 
 
County of Lake Water Resources Department   February 2022  
QAPP Clear Lake Limnological Ambient Monitoring Program  
 

This document will provide the needed information to successfully and credibly evaluate 
valuable parameters into the current Clear Lake monitoring program being conducted by Lake 
County Water Resources Department (LCWRD).   
 
The monitoring program consists of collecting samples at three primary locations, each in the 
approximate center of each arm of the lake. This sampling started in the early 1970’s. California 
Department of Water Resources (DWR) conducted this sampling in Clear Lake in the 1960’s. 
Most parameters are collected ten times per year, with trace metals being collected four times 
per year. Starting during October 2018, LCWRD requested the addition of a fourth site in the 
northern portion of the Upper Arm, adjacent to Rodman Slough, in order to capture water quality 
impacts caused by the Mendocino Complex Fires.  
 
Currently LCWRD collects and analyzes a wide suite of parameters including those listed in the 
Table 2. The purpose of this collection and analysis is to 1) provide local reliable and credible 
public data 2) where possible to partner with other agencies in sampling and analyzing specific 
water quality parameters that contribute to a comprehensive sampling program.  

 
Table 2. Analyte List for Clear Lake Sampling 

Analyte Frequency1 

Total Nitrogen 10x / year 

Total Kjeldahl Nitrogen 10x / year 

Total Phosphorous 10x / year 

Nitrite and Nitrate as N 10x / year 

Orthophosphate 10x / year 

Total Suspended Solids 10x / year 

Alkalinity 10x / year 

Hardness 4x / year 

Cam 17 Metals2, Al, Mg, Ca, Fe 4x / year 
1when possible, sampling will occur during all 12 months, however due to staffing, funding, or weather 
conditions, sometimes sampling does not occur in a winter month (Nov-March) or any given summer 
month during elevated wildfire air quality concerns.  
2Parameter CAM 17 metals includes all metals listed in Table7. 

 

 

B.1 Project Objectives 
i. Provide credible and reliable water quality data for the public by coordinating, 

managing, sampling, and analyzing water from established sample sites on Clear Lake, 
CA.  

ii. Continue collecting water quality data for the public data record that DWR has been 
collecting since 1968 to monitor any concerning changes to the lake water quality. By 
collecting this data we can improve management and provide reliable water quality data 
to the public, project partners, researchers, tribes, state, and federal agencies. 

 
 



6 
 

 
 
County of Lake Water Resources Department   February 2022  
QAPP Clear Lake Limnological Ambient Monitoring Program  
 

B.2 Data Usage  
 

All historic data collected through this program (1968-2019) is available for free public access 
through the California DWR Data Water Library.  This site is accessible at the following site 
http://wdl.water.ca.gov/waterdatalibrary/.   
 
All currently collected water quality data collected during this project is free and publicly 
accessible through the California Environmental Data Exchange Network (CEDEN) 
http://ceden.org/.  Project Partners at the San Francisco Estuary Institute manage submitted 
data and upload it into CEDEN and data will also be transferred to the US EPA Water Quality 
Exchange (WQX) water quality online portal https://www.epa.gov/waterdata/water-quality-data-
upload-wqx. 
 
If one cannot access data through CEDEN, or data is needed that hasn’t been approved and 
uploaded into CEDEN, Data generated by the LCWRD can be accessed by submitting a data 
share request through electronic communication to water.resources@lakecountyca.gov or by 
hard copy request sent to Water Resources Department, County of Lake, 255 N. Forbes St., 
Lakeport, CA, 95453.  Any hard copies and digital versions of data and summaries will be 
stored in safe, secure location on Lake County property and servers. Data and generated 
reports will be available to all partners, collaborators and the public via email immediately and 
eventually, the California Environmental Digital Exchange Network (CEDEN). 
 
 

C.  Program and Site Background  
 

C.1 Project Timetable  
 
Table 3. Project Timeline 

Activity 
Projected Start 

Date 
Anticipated Date of 

Completion 

Quality Assurance Plan Development 
and Review 

February 2022 February 2022 

Data Collection July 2020 Ongoing 

Program and QAPP review As Needed As Needed 

 

C.2 Water Quality Sample Description 
 
Collecting water samples and testing for certain parameters is an essential step in 
understanding the health of Clear Lake. Testing for nitrogen and phosphate constituents will 
help provide information about the nutrient status of the lake, while testing for metals, alkalinity, 
and hardness will help provide a general baseline for health of the lake.  
 

http://wdl.water.ca.gov/waterdatalibrary/
http://ceden.org/
mailto:water.resources@lakecountyca.gov
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Sample collection will follow the protocols outlined in “U.S. EPA Volunteer Lake Monitoring: A 
Methods Manual” (EPA document # 440/4-91-002 by Simpson 1991)  
 
Prior to the beginning of sample collection at each site, GPS coordinates will be checked for 
accuracy. Immediately after collection, sample containers will be placed in ice chests with labels 
affixed and correctly identified with the site identification code, depth, date and time, as well as 
Lake County Water Resources identification. After collection, samples will be delivered to the 
lab as soon as possible (e.g. same day) to meet all designated holding time requirements. 
Water quality samples are collected at 0.5 meters, 3 meters, and bottom depths at each of the 
three designated sampling locations. The surface samples (0.5m) are collected via grab sample 
by the sampler. The subsurface samples (3m and bottom) are collected with a Van Dorn 
collection device with a 2.2 liter holding cylinder. This unique water sampling equipment allows 
samples to be collected at discrete depths within the water column.  
 
LCWRD will make every effort to complete all required paperwork, secure sample containers 
and coolers, and store refrigerated until schedule lab pick-up or lab drop-off within 24 hours 
after sampling. Communication and coordination regarding sample pick-up/drop off with the lab 
will be done prior to sample collection.  

 
Figure 1. Field technicians William and Ryan collecting a subsurface water quality 
sample from Clear Lake, Oaks Arm (CL-04) 
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C.3 Sample Site Locations  
 
Water Quality monitoring sites are located in three reaches of the lake; two in the upper arm, 
one in the Oaks Arm, and one in the Lower Arm. Sample locations were chosen to best 
represent the specific environment of each arm of the lake and the heterogeneity of the overall 
pelagic habitat. Specific locations are provided in Figure 2 and Table 4. 

 
Table 4. Water Quality Sampling GPS Locations 

Lake Region Site ID Latitude Longitude 

Upper Arm CL01 39.06618 122.865036 

Lower Arm CL03 38.96621 122.680822 

Oaks CL04 39.01398 122.701836 

Rodman Slough1 CL05 39.11137 122.873449 

CL-01 (Upper Arm) 

CL-4 (Oaks Arm) 

CL-3 (Lower Arm) 

CL-5 (New site 
Rodman Slough) 

Figure 2. Geographic scope of water quality sampling locations in Clear Lake, CA 
as of July 2020. 
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1This site is sampled when water level allows and post fire in the Middle-Scott’s Creek Watershed.  

C.4 Collection Containers, Preservation and Holding Times  
 
Table 5. Water Quality Collection Containers, Preservation and Holding Times 

Constituent 
Sample 

Type 
Method 

Bottle 
Req. 

Preservation 
Hold 
Time 

Total Nitrogen  
 
 
 
 

Grab 
Samples 
and Van 

Dorn 

EPA300.0/SM4500  
 

1 x 1/2gal 
poly 

 
 

H2SO4 

 
 

28 days 
Total Kjeldahl 

Nitrogen 
SM4500-NH3 C 

Total 
Phosphorous 

SM4500-P E 

Nitrite and Nitrate 
as N 

EPA 300.0  
 

1 x 1qt poly 

 
 

Unpreserved 

 
48hrs 

Orthophosphate SM4500-P E 

Total Suspended 
Solids 

SM2540D 7 days 

Alkalinity SM2320B 14 days 

Hardness SM2320B 1 x 250mL 
poly 

HNO3 180 days 

Cam 17 Metals, 
Al, Mg, Ca, Fe 

EPA 200.7/EPA 
245.1 

180 days 
and 28 days 

 
 

D. Quality Objectives and Criteria 
 

D.1 Precision 
 
Precision is the degree to which repeated measures “match” or agree when a sample is 
collected and analyzed in the same manner or method. Precision reflects the consistency of the 
sampling procedure. Analytical precision can be determined from duplicate analysis of field 
samples, laboratory matrix spikes, and/or reference material samples. Relative standard 
deviation (RSD) and relative percent difference (RPD) are two calculations that are used to 
determine the precision of the replicate samples. 
 

RSD = Standard Deviation/Mean of Replicate Samples x 100 
 

RPD = Absolute Value (of replicate 1 – replicate 2) x 100/Average (replicate 1, replicate 2) 
 

D.2 Accuracy 
 
Accuracy is the measure of confidence, or proximity to the “true” value. The more precise or 
reproducible the result, the more reliable or accurate the result is. Analytical accuracy can be 
determined by comparing a sample that has a known value, such as a standard reference 
material, to a volunteered measurement of that sample.  
 

Accuracy = average value – true value 
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Monitoring samples for both precision and accuracy is the best way to assure that the data 
being collected is a reflection of true conditions. The accepted parameters for precision and 
accuracy for the water quality monitoring are listed in Table 6.  

 
 
Table 6. Water Quality Parameters 

Parameter Type Measurement Quality Objectives 
 Laboratory Objectives Lake Water Quality Objectives 

Accuracy 

Method Blank <RL 

 
No requirement, not applicable 

Nitrogen  

Matrix Spike 80-120% Recovery 

Laboratory Control Spike 90-110% Recovery 

Total Kjeldahl Nitrogen  

Matrix Spike 75-125% Recovery 

Laboratory Control Spike 80-120% Recovery 

Total Phosphorous  

Matrix Spike 70-130% Recovery 

Laboratory Control Spike 85-115% Recovery 

Orthophosphate  

Matrix Spike 80-120% Recovery 

Laboratory Control Spike 90-110% Recovery 

Cam 17 Metals  

Matrix Spike 70-130% Recovery 

Laboratory Control Spike 85-115% Recovery 

Precision 

Field Duplicate RPD ≤ 20%  
No requirement, not applicable Matrix Spike Duplicate RPD ≤ 20% 

Laboratory Spike Duplicate RPD ≤ 20% 

Completeness 90% 90% 

 
D.3 Representativeness  
 
The representativeness of data is the ability of the sampling locations and procedures to 
adequately represent the true environmental conditions of each sampling site.  
Representativeness will be addressed through appropriate choice in sample locations selection 
and rationale (details provided section B and C). In the past, DWR had sampled more than 
three / four locations within Clear Lake, however the current level of sites has been determined 
to be the best representation for the entire lake.  

 

D.4 Completeness 
 
Completeness is the percentage of valid data collected and analyzed compared to the total 
expected data to be collected under normal operating conditions. Under ideal circumstances, 
the objective to collect 100 percent of all filed samples, as well as successful laboratory analysis 
100 percent of the time. However, due to extenuating circumstances, such as sampling crew 
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and/or laboratory error, boat or vehicle issues, or weather, not all planned sampling events are 
successful. An overall completeness of 90% is considered acceptable for this Limnological 
Ambient Monitoring Plan.  
 
 

D.5 Comparability 
 
Comparability is the extent to which data from one study can be compared directly to past or 
present data from the same study, or data from another study. By using standardized collection 
methods, locations, and analysis, we can ensure comparability in this project.  
 

 
 

D.6 Parameters Monitored  
 
Table 7. Analytical Methods and Method Detection Limit (MDL) and Reporting 
Limit (RL) for Laboratory Analysis 

Constituent Method Units MDL RL 

Total Nitrogen EPA300.0/SM4500 mg/L 0.30 1.0 

Total Kjeldahl 
Nitrogen 

SM4500-NH3 C mg/L 0.20 1.0 

Nitrite and Nitrate 
as N 

EPA 300.0 mg/L 0.050, 0.040 0.20 

Total 
Phosphorous 

SM4500-P E mg/L 0.0030 0.040 

Orthophosphate SM4500-P E mg/L 0.10 0.10 

Total Suspended 
Solids 

SM2540D mg/L 1.0 1.0 

Alkalinity SM2320B mg/L 1.0 5.0 

Hardness SM2320B mg/L 1.00 5.00 

Aluminum EPA 200.7 mg/L 0.020 0.050 

Antimony EPA 200.7 mg/L 0.0060 0.020 

Arsenic EPA 200.7 mg/L 0.0040 0.010 

Barium EPA 200.7 mg/L 0.0010 0.010 

Beryllium EPA 200.7 mg/L 0.00020 0.0010 

Cadmium EPA 200.7 mg/L 0.0010 0.010 

Calcium EPA 200.7 mg/L 0.080 1.0 

Chromium EPA 200.7 mg/L 0.0040 0.010 

Cobalt EPA 200.7 mg/L 0.0020 0.010 

Copper EPA 200.7 mg/L 0.014 0.020 

Iron EPA 200.7 mg/L 0.050 0.10 

Lead EPA 200.7 mg/L 0.0070 0.050 

Magnesium EPA 200.7 mg/L 0.030 1.0 

Mercury EPA 245.1 µg/L 0.060 0.20 

Molybdenum EPA 200.7 mg/L 0.0030 0.50 

Nickel EPA 200.7 mg/L 0.0030 0.010 

Selenium EPA 200.7 mg/L 0.0080 0.020 

Silver EPA 200.7 mg/L 0.0040 0.010 
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Thallium EPA 200.7 mg/L 0.0030 0.20 

Vanadium EPA 200.7 mg/L 0.0030 0.020 

Zinc EPA 200.7 mg/L 0.0080 0.020 

 
 

  D.7 Chain-Of-Custody Procedures  
 
Chain-of-custody procedures require that possession of samples be traceable from the time the 
samples are collected until completion and submittal of analytical results. A complete chain-of-
custody form is to accompany the transfer of samples to the analyzing laboratory, Alpha 
Analytical Laboratories, Inc. 

A sample is considered under custody if: 

¶ It is in actual possession  

¶ It is in view after in physical possession 

¶ It is placed in a secure area (accessible by or under the scrutiny of authorized 
personnel only after in possession) 

 

Samples will remain in the control of the LCWRD sampling crew until delivery of the samples to 
the shipper or courier located in downtown Lakeport. The sampling crew will maintain control of 
the samples in the field after collection by keeping samples in an insulated cooler filled with ice, 
in a locked vehicle or refrigerator at the office of the LCWRD. Chain-of-custody forms are 
provided by Alpha Labs and will accompany the sample bottle shipment to the LCWRD prior to 
any sampling event.  

 

E. Training Requirements  
 
To maintain consistency, LCWRD will prioritize designated staff for conducting water quality 
sampling, data entry and any subsequent analysis.  Any LCWRD staff conducting water quality 
sampling will receive hands-on instruction and training by the project’s quality assurance officer.  
Additionally, staff can further develop their skill level and familiarity with water quality monitoring 
and SWAMP protocols by completing the online SWAMP Field Method Course modules 
(available at: https://www.waterboards.ca.gov/water_issues/programs/swamp/cdrom.shtml).  
LCWRD staff will be strongly encouraged to complete this online training and become familiar 
with limnological methods and parameters by reading the USGS Lake Monitoring Field Manual 
(Nevers and Whitman) document # 1253b.   
 
Currently, LCWRD and partners do not have plans for volunteers or citizens to be collecting 
water samples in this program, if circumstances change in the future this document will be 
updated to reflect the additional training and QA components that will be needed to 
accommodate volunteers with little to no background in water sampling.  
 

https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/1253b.pdf
https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/1253b.pdf
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F. Safety: Injury and Illness Prevention  
 
Only experienced and trained staff at LCWRD will be responsible for conducting water quality 
sampling as part of this project.  Any safety hazards or issues discovered while in the field will 
be reported to the Program Director immediately.  
 
All LCWRD staff operating a motorized boat will be required to obtain a California State Parks 
Division of Boating and Waterways California Boater Card (http://californiaboatercard.com/) as 
well as an evaluation by the Water Resources Deputy Director or Director to be deemed a 
LCWRD Captain. All other LCWRD staff involved in boating activates will also be required to 
obtain a boater card, captainship not necessary.  
 
Boater safety trainings will be provided annually for all staff. Training in incident reporting for 
equipment/vehicle damage, human illness/sickness, or injury, and hazardous spill response will 
also be provided annually for all LCWRD staff. 

 

G. Reporting  
 
Any significant findings (i.e. elevated nutrient levels or abnormal conditions) will be highlighted 
and included in any relevant reports and communicated with any applicable partners or 
agencies as soon as possible.  
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